Objective -
Studies performed in research laboratories causing acute occlusion of one branch of the coronary arterial tree have contributed decisively to increase the knowledge of the pathophysiology of myocardial infarction (MI). The time course of coronary occlusion necessary to produce ischemia signs reduction of myocardial contractility, and signs of definite functional loss of an impaired area have been identified 1, 2 . Other studies have shown that changes in myocardial function were reversible as long as the coronary flow was reestablished in time. In these studies, it was also possible to demonstrate that the period of time necessary for recovery was proportional to the period of time of coronary occlusion 3, 4 . This new knowledge allowed the identification in the evolutional phase of MI of necrotic and ischemic areas. Applied to human pathophysiology, it has allowed the introduction of new pharmacological therapeutic procedures and mechanical assistance with the purpose of reversing ischemia and reducing the infarcted area 5, 6 . The introduction of percutaneous transluminal coronary angioplasty (PTCA), initially for the treatment of angina pectoris 7 , and later as a method for recovering ischemic areas in patients with MI 8 , had its indication based on these pathophysiological principles. Its therapeutical success depended on invasive and non-invasive laboratory methods, which were increasingly more reliable for the identification of myocardial ischemia, and also on the definition of improved therapeutic management.
During the 1970s, after several clinical and experimental studies proved that nitroglycerin improved coronary flow to ischemic areas, the nitrates began to be used during hemodynamic and cineangiocardiographic studies enabling the distinction between fibrotic and ischemic areas, through the analysis of two ventriculographies, one before and the other after drug administration [9] [10] [11] [12] [13] . Although efficient, this method was not kept as part of the diagnostic routine, being replaced by other non-invasive investigation procedures. Among the procedures used with growing frequency are those that show myocardial perfusion by imaging, such as perfusional myocardial scintigraphy, radionuclide ventriculography, positron emission tomography, stress echocardiography and Holter monitoring [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] . Technetium-99m (Tc-99m) sestamibi scintigraphy has been used for the detection of myocardial ischemia and cellular viability. Carvalho et al 25 showed that the intracellular concentration of the isotope occurs by passive diffusion between the plasma and the mitocondria, due to the negative charges across the membrane.
Although the literature shows the superiority of thallium-201 in relation to Tc-99m sestamibi in the identification of viable myocardium, the sensitivity and specificity of the markers are superimposable in the detection of myocardial ischemia in clinical practice. The physical characteristics of Tc-99m (photopeak of 140 keV, half-life of 6 hours) allow better tomographic imaging (SPECT -single photon emission computed tomography).
Coronary angiography is considered the gold standard for the diagnosis of atherosclerotic ischemic heart disease. However, it is not capable of identifying the presence or extension of myocardial ischemia during stress, such as physical exercise or pharmacological stimulis. The experience obtained over the years has shown that the comparison of regional wall motion and performance of the left ventricle (LV) by means of two ventriculographies, one before and the other after the sublingual administration of nitrates, is a useful method for identifying myocardial ischemia [10] [11] [12] [13] . Recently, with the use of intravenous injection of isosorbide mononitrate, it has been possible to demonstrate that the drug improves the regional wall motion of almost all the hypokinetic segments, the majority of the dyskinetic segments, and does not improve the motility of akinetic segments 26 . Considering that coronary angiography and ventriculography are essential for the anatomical and functional diagnosis of coronary circulation, if the method shows sensitivity equivalent to that obtained by myocardial scintigraphy, the identification of ischemic myocardium during catheterization saves time and money in the determination of therapeutical management in some emergencies. This is why we undertook this study. Our aim was to analyze the possibility of identifying the ischemic myocardial segments of LV visualized by myocardial Tc-99m sestamibi scintigraphy by using two ventriculographies, one before and another after the intravenous administration of nitrate. We also compared the sensitivity and specificity of the two methods for the detection of myocardial ischemia.
Methods
This study was carried out at the catheterization laboratory and at the Nuclear Medicine Unit of the Hospital de Clínicas de Porto Alegre, School of Medicine of the Universidade Federal do Rio Grande do Sul. The analysis comprised twenty-six patients of both sexes, with and without previous MI, referred for cardiac catheterization and coronary angiography due to symptomatic ischemic heart disease, documented by non-invasive methods. Diabetic patients, those with valvular heart disease alone or associated with myocardial hypertrophy, and those who could not discontinue the use of nitrates 24 hours prior to any of the procedures were excluded.
After being informed about the nature of the procedure, its risks, the reason for the investigation, and its advantages in regard to the best therapeutical choice, the patients signed a consent form for the procedure and research. This form explained that during the routine diagnostic procedure, two ventriculographies would be performed, one before and another after the intravenous administration of isosorbide mononitrate (0.3mg/kg), and that the procedure would be useful in choosing the therapeutical management to be adopted following the examination. It also explained that the drug used was similar to the one administered sublingually to relieve angina pectoris. It was also written in the consent form that this drug had already been used in 108 patients in the same laboratory, and none of them experienced severe headache, hypotension, or allergic reaction. On the day of the examination, the patients were admitted to the Pre-Catheterization Unit, where they were interviewed and assessed by a medical resident and a research associate, through a specifically explained protocol, which allowed the analysis of multiple other variables related to ischemic heart disease.
The hemodynamic and cineangiocardiographic procedure, always performed by the research coordinator, comprised left cardiac catheterization through dissection of the right brachial artery at the cubital fossa or through a puncture of the femoral artery at the right inguinal region, under local anesthesia with lidocaine 2%.
Initially, the pressures in the aorta and in the LV were measured. A contrast ventriculography in right anterior oblique (RAO) view at 35° was then performed with the injection of 35ml of the contrast medium meglumine amidotrizoate (Urografina 370). This was achieved by means of Contract III injector, at a speed of 15ml/s, through a Lehmann or Pigtail catheter, according to the procedure's programming. Then the patient remained at rest and the pressures in the aorta and in the LV were continuously monitored until they reached the conditions observed prior to the ventriculography. At this time, isosorbide mononitrate was intravenously injected at a dose of 0.3mg/kg, for 30s. Five minutes after the infusion, the pressures in the aorta and in the LV were measured again and a new contrast ventriculography, at the same projection, was performed. The procedure continued with the selective study of the coronary arteries according to the techniques of Sones 27 or Judkins 28 , according to established planning for the procedure.
Through the analysis of contrast ventriculography, the following variables were calculated: end-diastolic (EDV) and Identification of ischemia by angiography vs scintigraphy Arq Bras Cardiol volume 72, (nº 2), 1999 end-systolic (ESV) ventricular volumes; LV ejection fraction (EF); mean velocity of circumferential fiber shortening ( CFS); and the percentage of shortening of the cardiac hemiaxes (R1R6, R2R5, and R3R4). This was performed through the use of already established methods [29] [30] [31] . The alterations of the segmentary motility observed before and after the use of the drug were made according to Herman et al. 32 . The change in regional wall motion observed by contrast ventriculography before and after the use of the drug were compared to the findings of the scintigraphy. SPECT was always performed by a specialist and a two-day protocol was used, with an interval of 24 hours between the stress and rest exams. The stress consisted of an exercise test on bicycle ergometrer and administration of 20-25 mCi of Tc-99m sestamibi at the peak of the exercise (heart rate >85% of the expected). Another type of stress applied was the pharmacological stimulus with intravenous infusion of dipyridamole (0.56mg/kg), for 4 minutes, and Tc-99m sestamibi infusion at the 7 th minute, according to already established standards [33] [34] [35] . The scintigraphy began 30-60 minutes after the stress and 60 minutes after injection at rest, with a snack between the infusion and acquisition of images. The tomographic images (SPECT) were obtained with a large-field gamma camera, with 64 photomultipliers (GE Starcam, Milwaukee, Wisconsin, E.U.A.), high-resolution parallel collimator for low energy, with energetic peak centered at 140 keV and with a 20% window, previously checked for uniformity of the detector and rotation center. The study consisted of 64 projections of 20 seconds each, in a 180° arch, beginning in a RAO view of 45°, and ending in a left posterior oblique (LPO) view of 45°, with a 64X64 matrix. Image processing involved reconstruction obtainning 6mm thick tomographic slices at the short, horizontal and vertical long axes, and also semiquantitative analysis through polar maps.
The comparative study between the two methods of assessing myocardial ischemia was carried out in the patients who had undergone prior scintigraphy or who had undergone scintigraphy after cardiac catheterization, as a method necessary for evaluating the presence of ischemia, in order to define the therapeutical management. No patient underwent hemodynamic or cineangiocardiographic study or myocardial scintigraphy just to take part in the research protocol.
The study comprised only the LV segments assessed through contrast ventriculography in RAO view. They are: apical, anterolateral, anterobasal, diaphragmatic, and posterobasal segments. The septal segments analyzed by myocardial scintigraphy were excluded because this area was not analyzed in the projection used to obtain the contrast ventriculography.
The statistical analysis was performed through the Statistical Package for Social Science (SPSS) program, using multivariate analysis and logistic regression to reduce confounding factors.
Results
In the contrast ventriculographies of the 26 patients, the five already mentioned segments were compared in regard wall motion changes after the isosorbide mononitrate administration. In the apical segment, before drug administration, the results were: 1 normal, 6 hypokinetic and 19 dyskinetic segments. After drug administration, 15 were identified as normal segments, only 3 as hypokinetic, and 8 as dyskinetic (p=0.0003). In the anterobasal segment, before the isosorbide mononitrate administration, the results were: 13 normal, 12 hypokinetic, and 1 akinetic segment. After the drug administration, 24 segments were identified as normal and only one as hypokinetic, and the one that was akinetic prior to drug use, remained so (p=0.0033). In the posterobasal segment, before drug administration, the results were: 7 normal, 14 hypokinetic, and 5 akinetic segments. After drug use, 19 segments were normal, 2 hypokinetic, 1 dyskinetic, and 4 akinetic; among these segments, one that was first characterized as akinetic, turned into dyskinetic (p=0.0015). In the anterolateral segment, at basal conditions, the results were: 2 normal, 15 hypokinetic, 8 dyskinetic, and 1 akinetic segment. With the use of the drug, there were alterations: 20 normal, 3 hypokinetic, 2 dyskinetic, and 1 akinetic segment (p=0.0001). In the diaphragmatic segment, prior to drug administration, the results were: 7 normal, 15 hypokinetic, 1 dyskinetic, and 3 akinetic. After drug administration, the results changed: 21 normal, 2 hypokinetic, and 3 akinetic segments (p=0.001) (table I) .
When compared with contrast ventriculography after drug administration, scintigraphy confirmed the same results. Among the segments analyzed from the 26 patients, 99 revealed normal motility in ventriculography and 110 presented ischemic characteristics in scintigraphy. The remaining segments that revealed evidence of necrosis in the contrast ventriculography comprised 11 hypokinetic, 11 . 1) . The other variables studied also confirmed the efficacy of the drug. CFS in the period prior to drug administration showed a mean value of 0.8572, which changed to 1.0612 after the drug administration (p=0.0142) ( fig. 2) . EF changed from a mean value of 48.82% to 53.04% after the end of the experiment in the 26 cases (p=0.0462) (fig. 3 ). ESV showed a mean value of 54.22 prior to medication; it decreased to 45.20 after the administration of the isosorbide mononitrate (p=0.0031) (fig. 4) . EDV did not show a significant difference in regard to drug administration; its mean value prior to drug administration was 106.89, and after drug administration it was 100.46 (p=0.1014).
The values that characterize the percentage of the hemiaxes shortening in relation to systole and diastole were statistically significant at R2R5 and R3R4, but not at R1R6. The mean values of R2R5 in the 26 cases were 29.94 and 34.38, before and after drug administration, respectively (p=0.000). For R3R4, the values were 27.26 and 32.35, before and after drug administration, respectively (p=0.037) (fig. 5 ).
Discussion
The identification of myocardial ischemia plays a significant role in the choice of pharmacological or interventional therapeutical management. More than 200 years ago, prior to the appearance of the revascularization methods, nitrates were effectively used for the treatment of ischemic clinical manifestations 36, 37 . With the technological conditions existing since the 1950s, it was initially proved that nitrates reduced pre-and afterload and, consequently, Fig. 1 -Result of the comparison of methods for the posterobasal segment. The equivalence between the methods (scintigraphy, in red, and contrast ventriculography, in blue) is demonstrated, before and after the use of isosorbide mononitrate, to identify viable ischemia or fibrosis (necrosis). Among the segments analyzed, the posterobasal segment had statistically significant values (p=0.0012; Se=73.668%; Sp=100%). Fig. 3 -Mean ejection fraction in relation to the use of the study drug. It shows the statistically significant variation in the ejection fraction, when compared before and after the use of isosorbide mononitrate (p=0.0462). Fig. 2 -Mean velocity of circumferential fiber shortening in relation to the use of the study drug. It shows the statistically significant variation in the velocity of circumferential fiber shortening, when compared before and after the use of isosorbide mononitrate (p=0.0142). Fig. 4 -Variation in the end-systolic volume in relation to the use of the study drug. It shows the statistically significant variation in end-systolic volume, when compared before and after the use of isosorbide mononitrate (p=0.0031).
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Arq Bras Cardiol volume 72, (nº 2), 1999 the cardiac work, being responsible for the improvement of the patient's symptoms. Later, with new equipment, other more recent studies widened the knowledge of nitrate action mechanisms in myocardial ischemia. Among them, we distinguish their confirmed vasodilating action on the coronary arterial tree, their direct effect on flow distribution to ischemic areas and on the collateral coronary circulation 9, 21, 38, 39 . In the 1970s, with the need to identify the presence of myocardial ischemia, as a parameter for the indication of revascularization, nitroglycerin began to be used in hemodynamic laboratories, with the same purpose. In 1974, using two ventriculographies, one before and another after the use of nitroglycerin, Dove et al 40 showed that the method allowed the differentiation between myocardial ischemic and fibrotic areas. This technique provided proof that the segments, whose motility improved after the use of nitrate, were also the ones that improved after myocardial revascularization 38, 39 . Our experience in the investigation of nitrate effects on circulation and on the heart dates from the 1970s. With the first studies, we had the opportunity to verify that nitroglycerin did not have the same effects on cardiac performance in the different forms of heart disease. Even though the drug caused similar effects on the pulmonary circulation, systemic circulation, and heart rate, either in normal individuals or in those with ischemic heart disease, valvular heart diseases or primary cardiomyopathies, it only improved LV performance in patients with ventricular dyssynergia due to coronary obstruction 41 . In other studies 42, 43 , we showed that all nitrates, although having small differences in their pharmacodynamic properties, normalized wall motion of the hypokinetic segments, improved the majority of the dyskinetic segments, and did not alter the motility of the akinetic segments. Based on these findings, we started to use the method to choose the appropriate therapeutical management. Currently, due to the introduction of multiple catheter based myocardial revascularization procedures, the identification of myocardial ischemia became a point of fundamental importance in the choice of the most adequate therapeutical management. The need for a better understanding of myocardial conditions in ischemic heart disease gained great support through the development of more efficient methods to evaluate myocardial conditions. Among them, we highlight perfusional myocardial thallium-201 scintigraphy and Tc-99m sestamibi with SPECT and, more recently, the utilization of stress echocardiography, all very useful tools to evaluate the presence of myocardial ischemia [44] [45] [46] [47] . In 1995, Bisi et al 48 introduced the nitrates to evaluate myocardial ischemia through perfusional myocardial scintigraphy with Tc-99m sestamibi. In this study, the authors found that the segments that improved the uptake after the administration of nitrates were those that showed an improvement regional wall motion after myocardial revascularization. Although these studies employed different equipment, they led to the same conclusions as Dove et al 40 and Helfant et al 49 , in the 70s, and also to results similar to ours in the present study.
Contrast ventriculography identified, at basal conditions, 30 normal, 62 hypokinetic, 28 dyskinetic, and 14 akinetic segments. After isosorbide mononitrate administration, 99 segments were normal, and there were only 11 hypokinetic, 11 dyskinetic, and 13 akinetic segments. From the 14 akinetic segments, only one improved motility after nitrate use, while the others remained unaltered. The analysis of myocardial scintigraphy of the same areas showed that 110 segments had characteristics of ischemia and 18 of necrosis. These data confirmed the results obtained with the segments that improved motility after nitrate use.
The analysis of the assessment of LV performance showed that the hemiaxes R2R5 and R3R4 significantly shortened, and CFS and EF improved after nitrate use. In this present study we can state that nitrate use identified the myocardial segments that improved their motility, and these segments were identified by myocardial scintigraphy as ischemic myocardial segments. This does not allow us to suppose that left ventriculography with nitrate use will replace myocardial scintigraphy, because these are distinct methods of evaluation.
However, with the results obtained in the present study, considering the size of the sample and the methodology adopted, we conclude that using isosorbide mononitrate intravenously we can identify the presence of myocardial ischemia through contrast ventriculography, with the same efficiency observed with the myocardial perfusion scintigraphy.
This finding has significant practical consequences. It can speed the therapeutic decision making and reduce the number of to tests, which the patients have to undergo.
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